İntroduction: Familial Mediterranean fever (FMF) is a hereditary auto-inflammatory disease characterized by recurrent fever and serosal inflammation. Anti-interleukin-1 (Anti-IL-1) treatments are recommended in colchicine resistant and/or intolerant FMF patients. This study aims to evaluate the efficacy of anakinra and canakinumab in FMF patients that are resistant/intolareted to colchicine or complicated with amyloidosis. who were diagnosed with FMF according to the criteria of Tel-Hashomer were included in the study. The laboratory values and clinical features of patients and disease activities were recorded at least every 3 months, and these data were analyzed.
Introduction
Familial Mediterranean fever (FMF) is a monogenic autoinflammatory disease characterized by self-limiting acute inflammatory attacks involving the peritoneum, synovium, pleura, and (rarely) pericardium, often accompanied by fever [1] . Turkey has the highest prevalence of FMF in any country in the world. The prevalence of FMF in Turkey shows regional characteristics. The prevalence rate is 0.25-0.88% in the Central Anatolia region, such as Sivas, Tokat, Erzincan, and Kastamonu [2, 3] . A Turkish FMF study group has reported that 90% of FMF patients in Turkey originate from the East and Black Sea and Central Anatolia regions [4] . The most severe complication of FMF is type AA amyloidosis. Nephrotic syndrome and end-stage renal failure tend to occur within 5-10 years in untreated FMFassociated amyloidosis patients [5] . The basic treatment goal for FMF is to prevent the attacks and to minimize the subclinical inflammation between attacks. Specifically, the main treatment for amyloidosis and FMF attacks is colchicine. Colchicine resistance in FMF patients is about 5-15% [6] . Patients who use maximum dose colchicine treatment (3 mg/day) for at least 6 months are considered resistant/unresponsive to colchicine if they had one or more attacks per month. Biological agents, such as anti-interleukin-1 (IL) agents, are indicated in these patients [7] . In Turkey, anakinra (recombinant IL-1 antagonist, kineret®, 100 mg/day/subcutaneous) and canakinumab (IL-1β antibody, ilaris® 150 mg/8 weeks/subcutaneous) are used as anti-IL-1 treatments. Rinolocept, which is another anti-IL-1 agent, is not available in Turkey. Treatments in Turkey can be used by obtaining an off-label consent from the Turkey Medicines and Medical Devices Institution (TICTK). The purpose of this study is to share our clinical evaluation of anti-IL-1 treatment for FMF patients who have colchicine resistance or intolerance.
Materials and methods
Between January 2014 and March 2019, 65 patients who were admitted to Sivas Cumhuriyet University Hospital Internal Medicine Rheumatology Department were included in the study.
Our department includes a total of about 800-1000 FMF patients. The enrolled patients, who were diagnosed with FMF according to the Tel-Hashomer Criteria, had colchicine resistance/intolerance and were being treated with anti-IL-1 (anakinra or canakinumab) treatment. The European League Against Rheumatism (EULAR) criteria and recommendations were used to define colchicine resistance [7] . Patients who received the maximally tolerated dose colchicine treatment (3 mg/day) for at least 6 months were considered resistant/ unresponsive to colchicine if they had one or more attacks per month. Intolerance to colchicine or proteinuria were other indications of anti-IL-1 therapy. The factors for deciding whether to start anakinra or canakinumab treatments varied from patient to patient.
Data had been collected when the patients were called for their routine check-ups once every 3 months. For each visit, we recorded whether they had an FMF attack. Moreover, patients' global and physicians' global assessments of disease severity [on a visual analog scale (VAS), range 0 to 10], acute phase reactants, erythrocyte sedimentation rate (ESR), C reactive protein (CRP), complete blood count (CBC), liver and kidney function values, and 24-h urinary protein levels were retrospectively investigated and included in our data. Patients who used anti-IL-1 treatment for at least 3 months were included in the study. Patients who were followed up for at least 3 months but discontinued treatment or followup for any reason were also included in the study. The FMF-50 score was used for the evaluation of responses. When at least five of the six variables were reduced by more than 50%, the patient was considered to be responding to treatment.
Approval from the ethics committee of Cumhuriyet University Medical Faculty was obtained (decision no 2019-04/29). The study was carried out in accordance with the World Medical Association's Declaration of Helsinki. Patients' informed consents were obtained.
Statistical analysis
The SPSS 23.0 statistical program was used for the analysis of our data. The normality of the data was checked using the Kolmogorov-Smirnov statistical test. The independent sample t-test was used for the independent groups, which satisfy the parametric conditions. More than two groups were analyzed by the F test (ANOVA). If satisfied the homogeneity assumption, the Tukey test was used to analyze which groups were different from the others, whereas Tamhane's T2 test was used for the groups that did not satisfy the homogeneity assumption. If one or all of the assumptions were not met, the Mann Whitney U test was used for two independent groups, the Wilcoxon test for two conjugate groups, and the Kruskal Wallis test for more than two independent groups. For the significance test, a p-value smaller than 0.05 was used.
Results

Demographic and clinical characteristics
In total, 65 patients were involved in this study. The median age of the patients was 32 years (range, 17-60 years). Thirty-three (50.8%) patients were male, and 30 (49.2%) were female. Forty-one (63.1%) patients used anakinra (100 mg/day/subcutaneous) and 24 (36.9%) patients used canakinumab (150 mg/8 week subcutaneous). The median duration of drug use was 6 months (range, 3-30 months) for anakinra and 8 months (range, 3-25 months) for canakinumab. The demographic and clinical features of the patients are shown in Table 1 . Fifty-six of 65 (86.7%) patients continued to be followed up. Twelve of the patients directly started with canakinumab (50%), eight patients continued with canakinumab due to an allergic reaction to anakinra, and four patients used canakinumab because of inadequate response to anakinra (possibly due to non-compliance with treatment). Except for eight patients who had colchicine intolerance, 57 (87.7%) patients continued to used colchicine (mean, 2 mg/day; range, 0.5-2.5 mg/day). The Mediterranean fever gene (MEFV) mutation analysis is shown in Table 1 . The homozygous M694 V mutation was the most frequent mutation, detected in 29 (44.6%) of the patients.
Treatment response
Before the treatment, the median FMF attack frequency over 3 months was three (range, 1-6), but was zero after treatment (range, 0-1) (p = 0.00). There was a statistically significant improvement in the physician's VAS, ESR, CRP, and attack duration with anti-IL-1 treatment ( Table 2 ). We found that 63 (96.9%) of the patients achieved FMF-50 scores ( Table 3 ). There was no significant difference in efficacy when comparing anakinra and canakinumab (p > 0.05).
The median proteinuria was 3.2 g/day (range, 0.5-11.2 g/day) before the treatment, and decreased to 1.85 g/day (range, 0.1-12.2) after treatment (p = 0.140). Based on GFR values, there was a statistically significant change in proteinuria response. The group with GFR ≥ 60 ml/dk/ m 2 before the treatment had 2390 mg/day (range, 1400-7200 mg/day) proteinuria, which decreased to 890 mg/ day (range, 120-2750 mg/day) (p = 0.008). On the other hand, the median proteinuria decreased from 4472 to 3960 mg/day (range, 2050-12,200 mg/day) for the group with GFR < 60 ml/min/m 2 . This difference was not statistically significant (p = 0.345). When the effect on proteinuria was investigated, the other factors (diets, the using of angiotensin-receptors inhibitors or blockers and blood pressure control etc.) of all patients were similar in both groups.
Side effects
Allergic reactions were observed in eight (19.5%) patients who used anakinra, and severe neutropenia was observed in one patient (2.4%). Another patient (2.4%) was diagnosed with Multiple Sclerosis after 2 years of anakinra use. In the group that used anakinra, one (2.4%) patient who also had polyarteritis nodosa (PAN) and sacroiliitis died due to sepsis. Mild infections of the upper respiratory tract and urinary tract were reported by 7-30% of the patients. There was no significant difference in the rate of side effects when comparing anakinra and canakinumab (p > 0.05). Although the glomerular filtration rate (GFR) increased during the treatment period, this difference was not statistically significant ( Table 2) .
Pregnancy and other conditions
We found that two patients continued to use anakinra during their pregnancy, and there were no problems during pregnancy, birth, or with the child.
We switched to another biological medicine for five (7.6%) patients (four canakinumab, one anakinra). Two out of five patients had stage-three sacroiliitis. Even though the FMF attack frequency decreased for these patients, we switched to tumor necrosis factor (TNF) inhibitor treatments due to their high Bath Ankylosing Spondylitis Disease Activity Index (BASDAI) scores. Although one (2.4%) patient used anakinra (100 mg/day) regularly for 3 months, knee arthritis continued at a rate of twice per month. For this patient, we switched to tocilizumab, and knee arthritis responded to this treatment. We considered the wash-out period of anakinra and canakinumab when we started patients on tocilizumab. Complete remission was achieved for about 14 months in a patient who used canakinumab due to both peritonitis and peripheral arthritis attacks. However, the treatment was changed to tocilizumab because the number of attacks was once or more per month. One of the patients (2.4%) had end-stage kidney failure and had renal transplant due to inadequate response to the treatment ( Table 4 ).
The median duration of anti-IL-1 treatment (n = 6 (85%) for anakinra; n = 1 (15%) for canakinumab) was 3 months (range, 3-26 months) for the seven (10.8%) 
Discussion
In this study, we present the results of 65 FMF patients treated with anti-IL-1 agents. We show that IL-1 inhibitors are effective and safe in patients with FMF who are colchicine resistant/intolerant or with amyloidosis. Approximately 5-10% colchicine resistance and 5-10% colchicine intolerance have been reported during FMF treatment [8] . The use of anti-IL-1 treatments has increased among patients with colchicine-resistance. Some previous studies have demonstrated the efficiency of these treatments. Akar et al. reported the response rate as 76.5% in the anakinra group and 67.5% in the canakinumab group in a total of 172 colchicine-resistant patients [9] . In the study by Kucuksahin et al., anti-IL-1 treatments significantly decreased the number of attacks in 26 colchicine-resistant patients with FMF. Moreover, the serum acute phase reactants of these patients returned to normal levels [10] . Kohler et al. achieved a 90% FMF-50 score with IL-1blocking therapy in 31 FMF patients [11] . In our study, we achieved a 96% FMF-50 response rates for the anti-IL-1 treatments, which is similar to previous studies. Currently, the prevention and decreasing effects of anakinra and canakinumab were recognized in FMF attacks. However, additional amyloidosis and spondyloarthritis (SpA) diagnoses can lead to some issues in FMF treatment. Some studies have reported a decreasing effect of anti-IL-1 treatment in proteinuria. By biopsy, Topaloglu et al. reported that anti-IL-1 treatments reduced proteinuria but also resulted in renal damage in three patients with AID-associated amyloidosis [12] . Özçakar et al. reported a significant decrease in the amount of proteinuria and an increase in quality of life in six children with FMF-associated amyloidosis [13] . Another Varan et al. showed that anti-IL1 treatments significantly reduced the amount of proteinuria (from 1606 mg/day to 519 mg/day) [14] . Moreover, national data that was collected with 172 subjects demonstrated a significant decrease in proteinuria (5458.7 mg/24 h before and 3557.3 mg/24 h after) [9] . Instead, in these studies, patients were not sub-grouped, and their data was not analyzed regarding their GFR. In our study, anti-IL-1 agents significantly decreased the proteinuria in patients with GFR > 60 ml/ min/m 2 , while no significant reduction was seen in patients with GFR < 60 ml/min/m 2 . Therefore, we emphasized that GFR would be a useful indicator to decide the proper treatment for these patients. Another option is tocilizumab, which is an IL-6 blocking agent that has been recently started to be used in the treatment of FMF-associated amyloidosis. Ugurlu et al. [15] reported a reduction effect of tocilizumab on proteinuria among 20 subjects. Additionally, in this study, only two patients had GFR < 50 ml/min/m 2 ; these patients were offered tocilizumab treatment and responded positively. Despite these positive outcomes, the small sample size of these studies and the lack of a randomized controlled trial (RCT) creates confusion around this topic. Also factors such as blood pressure control, use of angiotensin receptor blocker drugs or colchicine and diet have positive There are many studies on anti-TNF agents in patients with colchicine resistant FMF or FMF associated with sacroiliitis or peripheral arthritis. However, none of these studies were RCTs. In one review, Koga et al. reported that 29 FMF patients in various studies had successful results with anti-TNF agents [16] . The efficacy of anti-TNF drugs in the treatment of colchicine-resistant FMF is not yet clear. EULAR recommends using anti-TNF therapy, especially in cases with FMF-associated SpA and peripheral arthritis [7] . Interestingly, according to a recently published study, the M694 V gene variations were seen five-times as often among Ankylosing Spondylitis (AS) patients compared to a healthy population, and this variant might be associated with AS. In the same study, the serum level of IL-1 was higher in AS patients. Therefore, the researchers emphasized that anti-IL-1 treatments would be an appropriate therapy in these patients [17] . However, in our study, ten patients had axialspondyloarthritis (AxSpA), and only half of these subjects had proper anti-IL-1 treatment. The treatments in other patients had to be replaced with other biological treatments, such as anti-TNF. Only one patient was excluded from the study. The efficacy of anti-IL-1 treatments on AS patients should be investigated through RCTs.
In terms of safety issues the number of patients and the duration of drug use can be considered as a limitation. During the study, we did not detect any serious infection or tuberculosis or malignancy. While allergic reactions are commonly seen as an adverse effect of anakinra, in a review of 27 studies published by van der Hilst et al., it was shown that there were no serious infections when using IL-1 blocking agents. In addition, allergic reactions had been reported in just 6.5% of patients [18] . In our study, 19.5% of allergic reactions were detected in patients using anakinra. In this study, a participant who was using additional steroid and immunosuppressive agents had sepsis and died. Therefore, identification of anakinra as the main factor responsible for this death is impossible. While seven renal transplant patients were offered anakinra and the other immunosuppressive, no severe infections or drug interactions were seen. The previous studies that were carried out with renal transplant patients showed no severe adverse effect or drug interactions [19] . Multiple sclerosis is a possible adverse effect of any biological medication, and it was observed in one patient in this study. The medication was discontinued, and the patient has been followed closely. To our knowledge, there are no data available in the literature about this scenario.
Anakinra is classified as Food and Drug Administration (FDA) Pregnancy Category B. Recently, multicenter pregnancy data and case reports of pregnant women who have been using anti-IL-1 have been published. Among thirty-one pregnant women who were using canakinumab or anakinra (eight and 23 respectively), only one patient experienced renal agenesis [20, 21] . In our study, two pregnant patients safely used anakinra treatment throughout their pregnancy, and no fatal or maternal complications were noted.
Also, to identify new mutations and epigenetic mechanisms, whole gene analysis should be done in refractory FMF patients.
The main limitation of our study is that it is an observational study. The efficacy of anti-IL-1 treatment should be shown with randomized controlled trials. Another limitation is that these off-labeled medications were offered as fixed doses. Long term follow-ups are crucial to identify the long-term and potential adverse effects of this medication. The serum level of amyloid A has not been measured in all participants; therefore, there was no evaluation of it.
Conclusion
As a conclusion, anti-IL treatments among colchicineresistant patients with FMF continue to be used as an effective treatment. However, this treatment is less effective against proteinuria in patients with stage 4 or 5 kidney disease. In our study, anti-TNF and tocilizumab have provided more successful outcomes in participants with FMF associated arthritis and sacroiliitis. RCTs should be conducted to demonstrate the efficiency of the treatment in these clinical situations. Further studies are needed to determine the safety and long-term side effects of anti-IL-1 therapies.
